Basic fibroblast growth factor (bFGF) supports the survival of neurons from many regions of the El8 fetal rat brain. Survival was significantly increased for neurons derived from the hippocampus, entorhinal cortex (EC), frontal cortex, parietal cortex (PC), occipital cortex, striatum, septum, and thalamus, but not from the subiculum (Sb). The proportion of neurons rescued by bFGF varied among brain regions, suggesting the existence of subpopulations of responsive neurons.
Like hippocampal neurons, neurons from the EC and PC required about 1 PM bFGF (lo-20 pglml) for halfmaximal response; striatal neurons, in contrast, required about 3 PM bFGF. Neurite outgrowth after 24 hr exposure was significantly increased for neurons from the hippocampus, EC, and PC, while striatal neurons had only a marginal response.
Although bFGF stimulated some astrocytic proliferation in the cultures, glial contamination was maintained at 2% or less. Acidic FGF (aFGF) supported smaller numbers of neurons from each region, although it significantly increased survival of neurons from hippocampus, EC, PC, striatum, and Sb. The concentration required for half-maximal survival was around 100-300 PM (2-5 rig/ml). It appears that bFGF and aFGF are potent trophic factors for many populations of CNS neurons and could potentially play a significant role in nervous system development.
The survival and growth of neurons throughout the CNS is presumed to be regulated by the availability of appropriate trophic factors. For the vast majority of neuronal populations, however, the molecular identity of these factors is unknown. Nerve growth factor (NGF), the one fully established neurotrophic factor, appears to address only a few populations of CNS neurons, specifically the cholinergic neurons of the septum, nucleus basilis, and striatum (Seiler and Schwab, 1984; Mobley et al., 1985 Mobley et al., , 1986 Hefti, 1986; Large et al., 1986; Taniuchi et al., 1986; Williams et al., 1986) . Although other populations of NGF-responsive neurons will likely be identified (Large et al., 1986; Taniuchi et al., 1986; Williams et al., 1986 ), it appears that NGF is unlikely to be a primary neurotrophic factor for the majority of CNS neurons. Recently, basic fibroblast growth factor (bFGF) has been demonstrated to increase the survival and growth of neurons in cultures derived from the hippocampus and whole cortex (Morrison et al., 1986; Walicke et al., 1986a; Walicke and Baird, 1987a) . Further studies with hippocampal neurons have demonstrated that bFGF can support neuronal survival in cultures lacking any astrocytes detectable by staining with antisera for glial fibrillary acidic protein (GFAP) (Walicke and Baird, 1987b) . Furthermore, 1251-bFGF binds to and is internalized by hippocampal neurons (Walicke and Baird, 1987a) . Together these observations strongly suggest that bFGF truly has neurotrophic effects on this population of CNS neurons.
bFGF is found in adult brain tissue (Esch et al., 1985a; Baird et al., 1986; Gospodarowicz et al., 1986 ) although its regional and cellular distribution remains to be determined. In these studies, its possible role as a neurotrophic factor in other portions of the CNS is addressed by testing its effects on neurons from various regions of fetal rat brain in vitro. These studies extend the previous demonstrations that cortical neurons respond to bFGF (Morrison et al., 1986; Walicke and Baird, 1987a) by comparing neurons from different cortical regions to determine areas containing responsive neurons.
Materials and Methods
bFGF and acidic fibroblast growth factor (aFGF) were the generous gifts of Dr. Andrew Baird. bFGF was prepared from bovine pituitary by sequential steps of ammonium sulfate precipitation, CM-Sephadex chromatography, and heparin-Sepharose affinity chromatography as previouslv described (Esch et al., 1985a) . Some experiments utilized bFGF after the hepari&Sepharose chromatography; which was about 90% homogenous. Other experiments used bFGF that had been further purified by a terminal step of high-performance liquid chromatography (HPLC) on a Mono S column. Results with the 2 preparations did not differ detectably and have been pooled in the results. aFGF was prepared from bovine brain by essentially the same series of steps, which always included a terminal purification on reverse-phase HPLC (Esch et al., 1985b) .
All neuronal cultures were prepared from 18-d fetal Sprague-Dawley rats. The dissection scheme was in part derived from others (Banker and Cowan, 1979; Barbin et al., 1984) , and for clarity is illustrated in Figure 1 . The parahippocampal gyrus presents a major landmark in the E 18 brain. allowina reliable definition of the hiDDOCamDUS.
Onlv subtotal portions of the major cortical regions-frontal, parietal, and occipital-were employed to allow clear separation of their neuronal populations. There are no clear boundaries for the entorhinal cortex (EC), so these cultures could be contaminated with some neurons from the adjoining hippocampus, occipital cortex, temporal cortex, and amygdala. The region designated subiculum (Sb) contains portions of retrosplenial cingulate cortex and possibly some occipital cortex. Thalamic cultures (Th) were derived only from tissue comprising the anterior dorsal quadrant of the thalamus (not illustrated). The septal region (Se) consisted of the collection of midline basal forebrain structures, in addition to the septal nuclei themselves. Since only a relatively small portion of the basal ganglion complex was employed, the cultures designated striatum (St) should contain neurons only from that region.
Tissues from 5-15 fetal rats were pooled in Hank's balanced salt solution (HBSS) with 20 mM HEPES, pH 7.4, and dissociated by incubation for 5-l 5 min (depending on tissue thickness) at 37°C in 0.25% trypsin in Ca2+/Mg2+-free HBSS. The protease was inactivated by subsequent rinsing with 60 PM phenylmethylsulfonyl fluoride (PMSF) in Ca2'/Mg2'-free HBSS. Dissociation was completed by trituration through a silane-coated Pasteur pipette. Viable cells were determined by trypan blue exclusion. Sb neurons were grown at a density of 9,000 cells/cm* and all other neurons at 18,000 cells/cm* in a modification of the N2 serum-free medium formulation of Bottenstein and Sato (1979) as previously described (Walicke et al., 1986a; Walicke and Baird, 1987b) .
For survival studies, neurons were grown on plastic or polyomithinecoated dishes for 6 d. The cultures were fixed with 4% glutaraldehyde, and process-bearing cells were counted in 5-10% of the culture area under phase microscopy. For process outgrowth studies, neurons were grown on culture plates coated with polyomithine and laminin (Walicke et al., 1986a) in medium supplemented with 20 pg/ml high-density lipoprotein (Sigma) for 24 hr and then fixed with glutaraldehyde. The central portions of 4 cultures were photographed at 20 x under phase optics. The photos were enlarged to 8 x 10 and the longest process of each cell was measured on a Bausch and Lomb HiPad digitizer (Walicke et al., 1986a) .
Immunohistochemistry for GFAP was performed as previously described (Walicke and Baird, 1987b) . The entire culture area was examined and counted for determination of the astrocyte number.
Results
Basic FGF increases survival of neurons from many regions of the CNS Nine brain regions were included in the initial survey: hippocampus (H), entorhinal cortex (EC), subiculum (Sb), frontal cortex (FC), parietal cortex (PC), occipital cortex (OC), septal region (Se), anterior thalamus (Th), and striatum (St). The effects of bFGF on the survival of neurons from these regions are presented in Figure 2 . The upper half of Figure 2 indicates neuronal survival after 24 hr in vitro in the presence and absence of bFGF (1 r&ml). Although there is some variability, about 40-60% of neurons from each region survived for 24 hr. Survival was not significantly altered by inclusion of bFGF for neurons from any region except the frontal cortex, where neuronal number was increased at a marginal level of significance (p < 0.05). The basal culture medium contained pyruvate, catalase, and elevated K+, all of which have been reported to enhance the initial survival of primary neurons in vitro (Lasher and Zagon, 1972; Selak et al., 1985; Walicke et al., 1986b) .
The number of neurons surviving after 6 d in vitro is shown in the lower half of Figure 2 . The presence of bFGF (1 &ml) significantly increased the survival of neurons from all of the regions examined, with the exception of the Sb. It is apparent that larger numbers of neurons survived in the presence of bFGF in tissue derived from cortical regions than in tissue from subcortical regions; however, survival in control cultures from subcortical regions was also lower. A more accurate assessment of the relative effect of bFGF can be obtained from consideration of the proportion of neurons rescued in its presence. This was calculated as the difference in neuronal number between 6d cultures with and without bFGF, normalized to the average number of neurons present at 24 hr in vitro. The quantity calculated for each region appears below the bar graph in Figure 2 .
Neurons from the hippocampus appeared to be most respon- sive, with about 70% rescued by bFGF. Most of the cortical regions showed increases of 30-45%, including the EC, OC, and FC, while the PC's was slightly lower at 2 1%. The thalamus and striatum also showed increases in survival in this range, demonstrating that there was no real difference between cortical and subcortical regions. Even adjusting for the lower survival in the controls, neurons from the septal region showed relatively little response to bFGF, with only a 12.2% increase in survival. Again, the least responsive region was the Sb, with only a 3% change in the presence of bFGF. Because of variability in survival between experiments, these quantities must be interpreted with some caution. Several regions were selected for more quantitative assessment. Examples of cultures maintained for 6 d in the presence of bFGF from these regions-H, EC, Sb, PC, and St-are shown in Figure 3 . The cultures from the first 4 regions are rather similar in appearance, containing predominantly pyramidal and stellateshaped neurons with an extensive process network. The striatal neurons were noticeably smaller and, even after 6 d, had only short processes that did not form a complex network. The vast majority of cells present in cultures from each brain region were neurons, as determined by immunohistochemistry with antisera to neurofilament (data not shown); the extent of contamination with astrocytes is discussed in more detail below. The survival of neurons from these 5 regions was compared in the presence and absence of bFGF in 8 separate experiments. To eliminate the possibility that increases in survival caused by bFGF merely reflected an increase in neuronal adhesion, some experiments were performed with neurons grown on plastic and others with neurons grown on polyornithine-coated plates. Since the results were similar, they were combined in calculating Table  1 . Three quantities were calculated: the percentage of neurons surviving in control cultures; the percentage of neurons surviving in cultures with bFGF (1 @ml), and the proportion of neurons rescued by bFGF. For the first 2 values, the corresponding cultures, either with or without bFGF, at 24 hr were used for the calculations. For the third, a pooled average of 24-hr cultures with and without bFGF was used.
Day 6
Under control conditions, there was a trend toward lowest survival in St cultures and highest survival in Sb cultures; however, because of variability between experiments, there were no significant differences. It should be noted that Sb neurons were plated at a lower density than the others because of their tendency to survive well under control conditions. In the presence of bFGF, hippocampal neurons survived best, followed by neurons from the EC and St. For all 3 regions, more than 50% of cells remained at the end of the assay period. Survival was somewhat lower for the PC, but neurons from the Sb had the worst survival in the presence of bFGF, differing significantly from the hippocampus (p < 0.01; ANOVA) and EC (p < 0.05; ANOVA).
The proportion of neurons rescued by inclusion of bFGF was greatest in the hippocampus, at about 60% of the population. Neurons from the EC and striatum each showed increases of about 38%. Only 24% of PC neurons were rescued by bFGF, which differed significantly from observations with the hippocampus (p < 0.01; ANOVA). The Sb appeared to have little response to bFGF, with less than 3% of cells rescued, which differed significantly from the hippocampus, EC, and striatum (p < 0.01; ANOVA).
The minimal concentration of bFGF required to support survival was determined for neurons from each of these regions by performing titration curves of bFGF. The results of determinations in 4 independent experiments were averaged in Table  1 . Examples are illustrated in Figure 4 . Neurons from the hippocampus, EC, and PC produced similar titration curves, showing cell number rising rapidly as a function of bFGF concentration to reach a single plateau of survival for that population. The quantity of bFGF calculated to support half-maximal neuronal survival ranged between about 5 and 25 pg/ml (0.3-1.5 PM), consistent with previous determinations using hippocampal neurons (Walicke et al., 1986a) . Striatal neurons required a slightly but significantly higher concentration of bFGF for survival, about 50 pg/ml (3 PM) (p < 0.01, as compared to hippocampus, EC, and PC). Titration curves performed with neurons from the Sb produced a straight line (Fig. 4B) . Concentrations in excess of 3 rig/ml were not examined.
In addition to its effects on neuronal survival, bFGF stimulates astrocytes to proliferate and to adopt a fibrillar morphology (Morrison and de Vellis, 198 1; Pettmann et al., 1985; Walicke and Baird, 1987b) . Since glial cells have been demonstrated to support neuronal survival in vitro (Banker, 1980; Selak et al., 1985; Gloor et al., 1986) , it is important to determine the proportion of neurons and astrocytes present in these various cultures. Therefore, cultures were stained with antisera to GFAP for identification of astrocytes; an example of a large fibrillar astrocyte from a hippocampal culture is shown in Figure 3F .
The proportion of astrocytes present in cultures maintained for 6 d in control medium or the presence of bFGF is summarized in Table 2 . Despite the use of serum-free medium, bFGF stimulated some proliferation of astrocytes in cultures from each brain region. The hippocampal cultures contained the highest number of glial cells, averaging 5 5 astrocytes/culture with bFGF. However, astrocytes still represented less than 2% of the total cells present. Even in the presence of bFGF, the other regions surveyed contained only around 1.0-l .O% astrocytes. Previous analyses of hippocampal cultures have demonstrated no correlation between astrocyte and neuronal number in cultures containing up to 1.0% astrocytes, suggesting that the rare glial cells have no significant influence on survival of the neuronal population (Walicke and Baird, 1987b ). This conclusion likely applies as well to these other brain regions.
Neurite outgrowth stimulated by bFGF The survival studies were performed using a minimal, chemically defined medium to avoid inadvertent inclusion of growthpromoting or inhibiting factors in complex additives such as serum. After 6 d, neurons from all regions studied, with the exception of the striatum, showed much more extensive neuritic networks in the presence of bFGF. However, this difference could have reflected only the greater number of healthy surviving neurons rather than a specific effect of bFGF on process elongation. Therefore, neurite outgrowth was examined after 24 h in vitro, before there were significant differences in neuronal survival in the presence of bFGF.
Neurite outgrowth is a complex cellular function that appears to be regulated by multiple influences beyond the availability of a trophic factor. Previous studies with hippocampal neurons have demonstrated that a small but significant response to a trophic factor can be overlooked if culture conditions are not optimal for process extension (P. A. Walicke, unpublished observations). A variety of conditions were surveyed with these different neuronal populations, including different growth surfaces-plastic, polyornithine, polyomithin+heparin, and polyornithine-laminin-and medium supplements of triiodothyronine, hydrocortisone, and high-density lipoproteins (HDL). It appeared that addition of HDL increased early neurite outgrowth quite effectively (Walicke, 1987) , probably by providing a source of lipids complexed with apolipoprotein E (Ignatius et al., 1987). However, HDL decreased the adhesivity of the cells, so that only a highly adhesive surface such as polyomithinelaminin could be employed. Laminin has been demonstrated to be an important component of the extracellular matrix required for neurite outgrowth in studies from several laboratories (Edgar et al., 1984; Lander et al., 1985) . From the survey, it appeared that neurons growing on laminin in the presence of HDL demonstrated the best overall neurite outgrowth; any response seen to bFGF in the presence of these other agents that increase neurite outgrowth appeared more likely to be biologically relevant. Inclusion of bFGF still increased neuronal survival under these slightly different culture conditions, but glial proliferation was increased by inclusion of HDL (data not shown).
Photographs of 24-hr-old cultures grown in the absence or presence of bFGF (1 &ml) are shown in Figure 5 . The neurons examined were from the hippocampus, EC, PC, and St. Neurons from the Sb did not appear to have increased outgrowth in the presence of bFGF (not shown). The longest process of each neuron in a field from the center of each of 4 duplicate cultures was measured; sample size ranged from 123 to 184 neurons. Distribution of process lengths is presented in Figure 6 , mean process lengths in Table 3 .
Hippocampal neurons showed the greatest response, with mean process length increased nearly 3-fold and a highly significant shift in the distribution of process lengths (p < 0.001; chisquare). Neurons from the EC and PC also responded with significant shifts in process length distribution 0) < 0.01, chisquare for EC; p < 0.001, chi-square for PC). For the hippo- campus and EC, bFGF produced an overall shift to the right in the distribution of process lengths, with noticeable changes in the proportion of neurons having processes longer than 100 pm. For hippocampal neurons, this increased from 3.8 to 26.0%; for EC, from 4.8 to 14.6%. By contrast, there was relatively little change in this portion of the distribution for the PC neurons: 6.5% in controls versus 7.3% with bFGF. Instead, bFGF caused a decrease in neurons with very short processes (of less than 20 pm) and an increase in neurons with medium process lengths (40-60 pm).
Striatal neurons produced much shorter neurites than did the hippocampal or cortical neurons. Addition of bFGF caused a slight but not significant shift in the distribution of process lengths (Fig. 60 ). Even after 6 d exposure to bFGF, striatal neurons continued to demonstrate quite poor process outgrowth (Fig. 3E) . aFGF increases survival of neurons from multiple regions of the CNS In addition to bFGF, brain tissue contains an aFGF. The 2 FGFs are closely related, sharing a total of 53% sequence homology; however, they are the products of separate and distinct genes (Esch et al., 1985a, b; Gimenez-Gallego et al., 1985; Mergia et al., 1986) . aFGF has activity as a mitogen for cells responsive to bFGF, but typically is lO-loo-fold less potent (Esch et al., 1985a; Baird et al., 1986; Gospodarowicz et al., 1986; Lobb et al., 1986) . It also has previously been demonstrated to have trophic effects on hippocampal neurons in vitro (Walicke and Baird, 1987a) . The survival of neurons from 6 regions of the brain was compared in the presence of 1 &ml bFGF and 10 rig/ml aFGF (Fig. 7) .
The numbers of neurons surviving after 24 hr in vitro in control cultures or with bFGF or aFGF are shown in the upper half of Figure 7 . There was no significant difference in survival attributable either to bFGF or aFGF. Survival after 6 d in vitro is shown in the lower half of Figure 7 . For hippocampal neurons, both bFGF and aFGF significantly increased neuronal survival (p < 0.01; ANOVA), but aFGF supported fewer neurons. The effects of bFGF on neuronal survival from the remaining regions were consistent with results previously illustrated in Figure 2 , with all regions showing significant increases except for the Sb. aFGF significantly increased survival of neurons from the EC, PC, and St. Since the number of neurons supported by aFGF was smaller, the difference did not achieve the same level of significance (p < 0.05 for each neuronal type; ANOVA). The number of neurons surviving in the presence of aFGF and bFGF differed significantly in each of these 3 regions, at either p < 0.05 or p < 0.01 (ANOVA).
Although aFGF did somewhat increase the number of neurons present in septal cultures, the difference did not achieve ""-$ Day 1 EB aFGF -bFGF 0 control H EC Sb PC Se significance. As previously observed, bFGF had little influence on survival of neurons from the Sb. Considering the generally lower effectiveness of aFGF, it was surprising that neuronal survival from this region was significantly increased by aFGF from 1200 to 2800 (p < 0.05; ANOVA). Titration curves were performed to determine the concentration of aFGF required to support survival of neurons from the hippocampus, EC, PC, and Sb (Fig. 8) . The titration curves obtained with hippocampal neurons, and, to a lesser extent, with EC and PC neurons, had a hump on the rising phase, possibly suggesting the existence of subpopulations with somewhat different aFGF requirements in these cultures. The somewhat unusual shape of the curves obtained complicated calculation of the half-maximal concentrations required for survival, but for all neuronal types it appears to lie between 2 and 5 rig/ml (130-330 PM). Sb neurons appeared to require similar concentrations of aFGF, although they differed from the other 3 populations in their failure to respond to bFGF. Comparing the concentrations of aFGF determined in Figure 8 to those of bFGF determined in Figure 4 suggests that neuronal survival requires at least 1 OO-fold more aFGF than bFGF, which is consistent with comparisons of potency on other non-neuronal cell types (Esch et al., 1985a; Lobb et al., 1986) .
Discussion
The major finding in these studies is that bFGF can support the survival of neurons from many regions of the CNS. These include neurons from the hippocampus, entorhinal cortex, frontal cortex, parietal cortex, occipital cortex, anterior thalamus, striaturn, and septum. bFGF was further demonstrated to stimulate neurite outgrowth from neurons derived from hippocampus, EC, and PC. Since the proportion of glial cells contaminating the cultures from these different regions was less than 2%, it appears likely that bFGF acted directly on the neurons (Walicke and Baird, 1987b) . Therefore, bFGF appears to be a trophic factor for neurons from many regions of the CNS.
aFGF also significantly increased the survival of neurons from the hippocampus, entorhinal cortex, subiculum, parietal cortex, St Figure 7 . Survival of neurons in the presence of bFGF or aFGF. Abbreviations, as in Figure 1 . Bars are mean + SEM for 6 duplicate cultures. bFGF was 1 r&ml; aFGF was 10 rig/ml. *p i 0.0 1 versus control. tp < 0.05 versus control (ANOVA).
and striatum. The concentrations required were considerably higher than for bFGF, and the total number of neurons supported was generally lower. Previous studies with hippocampal neurons demonstrated that astrocytic proliferation under these culture conditions was stimulated less by aFGF than by bFGF (Walicke and Baird 1987b) . Although glial content was not formally determined for cultures from all these brain regions, there were no obvious increases in cells of astrocytic morphology in 2 ,,J---, phase-microscopic observations. Therefore, aFGF also appears to be a neurotrophic factor for neurons from many regions of the CNS. Further characterization of the responsive neurons by transmitter phenotype and synaptic targets will be essential for elucidating the roles of bFGF and aFGF in the brain. Given the widespread distribution of these neurons, if a correlation exists between transmitter phenotype and bFGF sensitivity, then the responsive neurons likely use an abundant neurotransmitter, such as GABA or glutamate. There seems, however, to be no a priori reason to assume a common, shared transmitter phenotype since the one well-characterized neurotrophic factor, NGF, addresses adrenergic, cholinergic, and peptidergic neurons (Thoenen and Edgar, 1985) .
Despite the limited characterization of the neuronal populations, some inferences can be made about the identity of the responsive neurons. Since the hippocampus was removed from fetuses before the generation of the dentate gyrus, the majority of neurons present in vitro can be reasonably identified as pyramidal neurons (Banker and Cowan, 1979) . The neurons surviving in the various cortical cultures resembled the hippocampal neurons, and therefore likely include pyramidal neurons from these regions. Over 90% of striatal neurons are small-to medium-sized, in contrast to the small subpopulation of large cholinergic neurons (Fentress et al., 198 1) . Since survival in the presence of bFGF exceeds 10% of the cells originally placed in culture, small neurons must be responding. This is consistent with the different appearance of striatal cultures from cultures of other brain regions.
Although there was significantly increased survival of neurons from multiple CNS regions, the proportion of neurons supported by bFGF and aFGF varied considerably. The greatest response was observed with the hippocampus, where bFGF appeared to be required by 60% of the total population. Since there are many reasons that neurons might fail to survive in vitro, this may represent a lower limit on the proportion of responsive cells. In other regions, such as the septum and PC, bFGF rescued significantly fewer neurons. Additionally, PC neurons were observed to have a qualitatively different pattern of enhancement in neurite growth than hippocampal or EC neurons. These observations might suggest the existence of a specific subpopulation of bFGF-responsive neurons among the varied neuronal types in the cortex.
Striatal neurons showed several differences in their responses to bFGF from hippocampal and cortical neurons. The minimal quantity of bFGF required for survival was significantly higher. Since the number of neurons supported by supramaximal amounts ofbFGF was comparable among these regions, it seems unlikely that the difference merely reflects the poor condition of the striatal cells. Furthermore, the striatal neurons failed to show increased neurite extension in the presence ofbFGF. These observations could suggest that bFGF plays a somewhat different role in the development of the basal ganglia than in the cortex.
The most distinctive pattern was observed with neurons derived from the Sb. These neurons did not demonstrate increased survival in the presence of bFGF. Under control conditions, they survived, if anything, a bit better than neurons from other regions, suggesting that the poor condition of the cells was not responsible for their lack of response. Furthermore, there was a small but significant increase in their survival in the presence of aFGF. These observations suggest that not all CNS neurons respond to bFGF, though the possibility that bFGF might be produced by the cells in culture was not excluded. Although aFGF and bFGF appear to have essentially identical effects on mesenchymal cells (Baird et al., 1986; Gospodarowicz et al., 1986; Lobb et al., 1986) we have previously observed additive effects of bFGF and aFGF on the survival of hippocampal neurons for 1 month in vitro (Walicke and Baird, 1987a ). These observations with neurons from the Sb further support the possibility that aFGF may have some biological effects distinct from those of bFGF in the CNS.
The somewhat different responses of neurons from these various brain regions may reflect distinct biological roles for the FGFs in various portions of the brain. It must be noted, however, that they may also reflect subtle variations among the various types of neuronal cultures. The system employed, though slightly modified from a widely used serum-free medium formulation (Bottenstein and Sato, 1979) , lacks a variety of essential vitamins, minerals, lipids, and hormones. Different populations of CNS neurons may have distinct sensitivities to these deficiencies, and may differ in their adaptation to the general culture environment. Astrocyte content was eliminated as a significant variable among the different regions examined, however, interactions among the neurons themselves might also influence survival. For example, there is evidence to suggest that some neuropeptides may have trophic activity (Swaab and Boer, 1983; Payan, 1985; Brenneman and Eiden, 1986 ). Possibly, endogenous neuronal contents of peptides or even trophic factors could partly account for the regional variations.
These studies suggest that aFGF and bFGF are important trophic factors for neurons from many regions of the CNS. The broad spectrum of responsive neurons suggests a wider range of neuronal specificity than has been previously observed for NGF, and may appear to contradict some predicted models of neurotrophic factor specificity. It should be noted that not all neurons from any of these regions appear to respond to either bFGF or aFGF, and that the data appear to suggest that only subpopulations of cells are responsive in some regions, such as the PC. Since all of these studies employed neurons from El8 rats, the possibility that responsiveness to the FGFs reflects a common developmental stage cannot be excluded.
In addition to their neurotrophic effects, bFGF and aFGF are also mitogens for astrocytes (Morrison and de Vellis, 198 1; Pettmann et al., 1985; Walicke and Baird, 1987b) and oligodendrocytes (Eccelston and Silberberg, 1985; Saneto and de Vellis, 1985) . Furthermore, they are mitogens for endothelial cells in vitro and have potent angiogenic activity in vivo (Baird et al., 1986; Gospodarowicz et al., 1986; Lobb et al., 1986) . The ability of a single factor to stimulate growth of multiple different cell populations in brain tissue suggests the possibility for competitive interactions or coordinated growth regulation, depending on the circumstances. With their multiplicity of activities, it seems likely that aFGF and bFGF play a significant role in the development of the CNS.
